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M3D-C1 and NIMROD solve 3D MHD 
Equations in Toroidal Geometry including 
Impurity Radiation and Runaway Electrons 
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Å Also, separate equations for resistive wall and vacuum regions 
Å Different options for Runaway Electron current JRA 

Å Option for energetic ion species (not used here) 
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M3D-C1 and NIMROD have very 
different numerical implementations 

       M3D-C1              NIMROD 
 
Poloidal Direction        Tri. C1 Reduced Quintic FE                     High. Order quad C0 FE 
 
Toroidal Direction    Hermite Cubic C1 FE                               Spectral 
 
Magnetic Field 
 
Velocity Field 
 
Coupling to Conductors        same matrix                  Separate matrices w interface 
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Both codes use: 
Å Split Implicit Time advance 
Å Block-Jacobi preconditioner based on SuperLU_DIST 
Å GMRES based iterative solvers 
Å Impurity ionization and recombination rates from KPRAD 
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Vertical Displacement Events:  (VDEs) 

K. Bunkers:  The influence of boundary conditions on NIMROD 
Axisymmetric VDE computations 

C. Sovinec:  Update on axisymmetric VDE benchmarking 

Strauss:  Thermal quench and asymmetric wall force in ITER disruptions 

Clauser:  Vertical Force during VDEs in ITER and the role of halo currents 

Jardin:  Coupling of M3D-C1 to Carridi 

5.3 T 15MA ITER 
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M3D-C1 is being interfaced with the 
CARRIDI engineering code to 
produce realistic forces for ITER 

Å CARRIDI is presently interfaced with the 2D 
equilibrium evolution code CARMA0NL 

Å Above benchmark between M3D-C1 &  
CARMA0NL  was presented at 2019 EPS 

Å CARRIDI detailed electro-magnetic 
model of ITER structure. 

Å Now interfacing M3D-C1 VDE 
simulation with CARRIDI to extend 
analysis to 3D plasma 
 C. Clauser, F. Villone 9 
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Disruption Mitigation via Impurity 
Injections -- Stand Alone 
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B. Lyons ȣ 2ÅÃÅÎÔ ÐÒÏÇÒÅÓÓ ÉÎ Ω$ ÍÏÄÅÌÉÎÇ ÏÆ ÄÉÓÒÕÐÔÉÏÎ ÍÉÔÉÇÁÔÉÏÎ  
 
V. Izzo ȣ -ÏÄÅÌÉÎÇ of shell pellet injection for disruption mitigation on DIII-D 
 
S. Jardin ȣ -ÏÄÅÌÉÎÇ ÏÆ %ÌÅÃÔÒÏÍÁÇÎÅÔÉÃ ÐÅÌÌÅÔ ÉÎÊÅÃÔÏÒ ÉÎ .348-U  

Ferraro, NF, 2019 



Electromagnetic pellet injector offers 
advantages for ITER;  proposal to test 
on NSTX-U 

Å Very fast response time (2-3 ms) 
 

Å Speeds up to 1 km/s 
 

Å High resolution modeling of 1 mm 
Carbon pellet as 2.5 cm (poloidal) x 
25 cm (toroidal) Gaussian source 

Te(0) = 2 keV 
 
n(0) = 2 x 1019 m-3 
 
IP = 600 kA  
 
bp = 0.73 
 
li(3) = 0.6 

Electron Temperature 

12 
R. Raman 



4 time slices in a M3D-C1 simulation of a 1 mm 
Carbon pellet injected into NSTX-U via EPI 

Radiation source: 

Change in Electron Temp. 

(a)  
0.065 ms 

(b)  
0.324 ms 

(c)  
0.648 ms 

(d)  
0.973 ms 

(a) - 0.6 keV 
(b) - 1.7 keV 
(c) - 1.7 keV 
(d) -1.7 keV 

Carbon Density: 

(a) 6.8 1019 m-3 

(b) 5.2 1019 m-3 
(c) 5.2 1019 m-3 
(d) 3.1 1019 m-3 

(a) - 3.2. GW/m3 
(b) - 1.0 GW/m3 
(c) - 1.1 GW/m3 
(d) - 0.4 GW/m3 

Injection Plane Contours 
at different times 
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 Contours at t=0.13 ms at 4 toroidal locations for 
M3D-C1 simulation of 1 mm Carbon EPI in NSTX-U 

Radiation source: 

Change in Electron Temp. 

(a) ɀ 969. eV 
(b) - 1062 eV 
(c) ɀ 1034 eV 
(d) - 1067eV 

Carbon Density: 

(a) 8.20 1019 m-3 

(b) 1.86 1019 m-3 
(c) 0.07 1019 m-3 
(d) 1.86 1019 m-3 

(a) - 4400 MW/m3 
(b) - 40. MW/m3 
(c) - 0.5 MW/m3 
(d) -40. MW/m3 

(a)  
j = 0o 

(b)  
j = 90o 

(c)  
j = 180o 

(d)  
j = 270o 

Same time (t=0.130 ms), 
different toroidal locations  
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Convergence study of toroidal 
resolution and toroidal pellet extent 
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Plasma properties and pellet source distributed over the 
Gaussian Distribution: 

Convergence study in # of toroidal planes indicates the highest toroidal 
ÒÅÓÏÌÕÔÉÏÎ ÕÓÅÄ ÓÏ ÆÁÒ ÍÁÙ ÎÏÔ ÂÅ ÈÉÇÈ ÅÎÏÕÇÈȣȢȢ3ÔÉÌÌ ÉÎ ÐÒÏÇÒÅÓÓȢ  





8 planes 
var_tor = 1.00 m 

16 planes 
var_tor = 0.50 m 

32 planes 
var_tor = 0.25 m 

t = 0.065ms 
Tmax = 2000ev 

t = 0.130ms 
Tmax = 1500ev 

t = 0.650ms 
Tmax = 0270ev 

t = 0.1000ms 
Tmax = 0270ev 

Te contours for 
different toroidal 
resolutions 
(injection plane) 
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Disruption Mitigation via Impurity Injections ɀ 
via code coupling 

B, ne, Te from TK to LP 

Mass flow, thermodynamic data, and energy 
sinks from LP to TK 

�Ï B - drifted ablation material  

NIMROD simulation domain showing ablated 
material obtained from LP code  

LP simulation of pellet ablation cloud 

R. Samulyak, C. Kim, B. Lyons, N. Ferraro 19 

R.  Samulyakȣ3ÉÍÕÌÁÔÉÏÎ studies of the ablation of Neon pellets and SPI 
fragments for plasma disruption mitigation in tokamaks  


